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abstract
the aim of the study was to assess a commercially available microsatellite panel for use in pater-
nity and identification analyses in the Yugoslavian Shepherd Dog Sharplanina, an ancient livestock 
guarding breed. Allele frequencies for 10 microsatellite loci (PEZ01, FHC2054, FHC2010, PEZ05, 
PEZ20, PEZ12, PEZ03, PEZ06, PEZ08 and FHC2079) were determined in 103 unrelated Yugosla-
vian Shepherd Dog individuals. The loci revealed varied levels of polymorphism (five to 12 alleles), 
with an average of 7.83 per locus. Average values of observed heterozygosity and polymorphic 
information content (PIC) were 0.64 and 0.66, respectively. Nine out of 10 microsatellite markers 
were highly informative with PIC values higher than 0.5. The obtained value of combined power 
of exclusion (0.9989) confirms usefulness of this panel of microsatellites for parentage verification, 
while the value of combined power of discrimination of 0.9999 clearly shows that the panel can 
conclusively identify individual dogs. In conclusion, the results obtained suggest that the selected 
set of commercially available microsatellite markers may be used as a routine tool for parentage 
verification and individual identification in the Yugoslavian Shepherd Dog. Although analysis of 
genetic variability of the Yugoslavian Shepherd Dog was not the primary focus of the study, the 
established values of major diversity indices disclose a highly variable gene pool in the breed. 
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Intensive artificial selection has led the domestic dog (Canis familiaris) to be-
come the most morphologically diverse mammal species, encompassing more than 
*This study was financed from funds of the Ministry of Education, Science and Technological De-
velopment of the Republic of Serbia, project No. III46002.
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400 breeds (Parker et al., 2004). The pure breeds display high levels of genetic ho-
mogeneity, and the risks of inbreeding depression and hereditary defects are clearly 
enhanced (Parker et al., 2004). Therefore, a reliable parentage verification and iden-
tification system is needed in order to execute effective breeding strategy, avoid in-
herited conditions, and contribute to the integrity of pure breeds. 
Molecular genetic techniques are used in most domesticated animals to verify 
identity, to establish familial relatedness, and, in particular, to validate registries 
(Nechtelberger et al., 2001; Lipinski et al., 2007). Short tandem repeats (STR) or 
microsatellites are genetic markers commonly used for paternity testing and ge-
netic variability studies (Stevanovic et al., 2010; Jakubczak et al., 2011; Jeżewska-
Witkowska et al., 2012). Multiplex PCR coupled with electrophoresis of fluores-
cent labelled PCR products have increased the efficiency of using microsatellites for 
parentage and identification testing (Radko and Słota, 2007; Radko, 2008). A large 
number of highly polymorphic microsatellites are now characterized and mapped in 
dogs (Francisco et al., 1996; Litt et al., 2005; Asch et al., 2009), facilitating their use 
in parentage testing. They are used either as in-house assembled and optimized mic-
rosatellite panels (Zajc et al., 1994; Altet et al., 2001; Eichmann et al., 2004, Kang et 
al., 2009; Asch et al., 2009), or as kits originally developed for paternity testing and 
forensic applications (De Nise et al., 2004; Pribanova et al., 2009; Tom et al., 2010; 
Ogden et al., 2012). Although DNA typing has become a standard tool for verifying 
the parentage and identification of individual dogs in a large number of countries, it 
has not been routinely used for these purposes in Serbia so far. To our knowledge, 
this is the first report of microsatellite characterization in a dog breed in Serbia. 
The Yugoslavian Shepherd Dog Sharplanina is an ancient livestock guarding 
breed. The true origin of the breed is not completely known. It is believed that the 
ancestors of the Yugoslavian Shepherd Dog were brought to Europe from Asia in 
prehistoric times through mass migrations. The breed was first recognized by the 
Fêdêration Cynologique Internationale (FCI) in 1939 under the designation Illyrian 
Shepherd. In 1957 the name of the breed was changed to Yugoslavian Shepherd Dog 
Sharplanina. Previously, genetic investigations of this dog breed comprised analy-
sis of blood proteins and enzyme polymorphism (Dimitrijevic et al., 2005, 2007). 
This study was aimed at assessing a commercially available microsatellite panel 
for parentage verification and individual identification in the Yugoslavian Shepherd 
Dog. 
material and methods
The study population included 103 unrelated Yugoslavian Shepherd Dog ani-
mals. Buccal swab samples and pedigree records were collected at national breed 
club specialty dog shows held in 2007 and 2008 and at the Center for Dog Training 
Niš. The animals selected for the survey were unrelated by at least one generation, as 
confirmed by their pedigree records. DNA isolation from buccal epithelial cells was 
performed following the transport from the field site, using the conventional phenol/
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chloroform method (Sambrook and Russell, 2001). Concentration of extracted DNA 
was determined spectrophotometrically (BioPhotometer, Eppendorf). Stock DNA 
was stored at –20°C. 
The 10 microsatellite loci (PEZ01, FHC2054, FHC2010, PEZ05, PEZ20, 
PEZ12, PEZ03, PEZ06, PEZ08 and FHC2079) were genotyped by the StockMarks® 
Dogs Genotyping kit (Applied Biosystems), under conditions recommended by the 
manufacturer. Amplification was performed in a Gene Amp PCR System 9700 (Ap-
plied Biosystems). The fluorescent tagged PCR products were separated by capillary 
electrophoresis conducted on an ABI Prism 310 Genetic Analyser (Applied Biosys-
tems), using the GeneScan-350 ROX Size Standard (Applied Biosystems) in accord-
ance with the manufacturer’s specifications. DNA fragment size was analysed by 
GeneScan® and Genotyper® software (Applied Biosystems). 
Basic diversity indices such as the number of alleles (nA), allele frequencies, ob-
served and expected heterozygosity (Ho and He, respectively), were computed for 
all markers tested using Arlequin ver. 3.1 software (Excoffier et al., 2006). Possible 
deviations from Hardy-Weinberg equilibrium (HWE) were determined using the ex-
act test (Guo and Thompson, 1992). Corrections for multiple significance tests were 
performed by applying a Bonferroni-Holm correction (Holm, 1979). Polymorphic 
information content (PIC) of different microsatellites used in the present study was 
estimated according to the formula reported by Botstein et al. (1980). Power of ex-
clusion (PE) and power of discrimination (PD) were calculated for each microsatel-
lite marker, while combined PE and combined PD were calculated for the whole set 
of markers. PE was calculated with an assumption of knowing one parent (Jamieson 
and Taylor, 1997). PE and PD were determined by using PowerStats ver. 1.2 free-
ware (Promega Corporation, USA). 
results 
Summarized characteristics of microsatellite markers analysed in the present 
study are shown in Table 1. The total number of observed alleles in our study popu-
lation was 78 with an average of 7.83 per locus. The nA varied from 5 (FHC2010, 
PEZ05) to 12 (PEZ03) across different loci. The mean Ho in the Yugoslavian Shep-
herd Dog was estimated to be 0.638, while mean He was 0.702. Tests for devia-
tion from HWE showed a highly significant (P<0.005) difference between observed 
and expected genotype frequencies at one locus only, namely FHC2079. The PIC 
was smallest for the locus PEZ03 (0.48) and largest for PEZ12 (0.82), while the 
mean value of this parameter was 0.66. Nine out of 10 microsatellite markers were 
highly informative with PIC values of more than 0.5. The most polymorphic loci 
were PEZ12, PEZ06 and PEZ08, and they exhibited high nA and high Ho, He and PIC 
values. In addition, frequency of the most frequent allele (FNA) across these loci was 
well below 0.5 (Table 1). As far as paternity testing is concerned, the PE ranged from 
0.135 (PEZ03) to 0.539 (PEZ08) per locus. The whole panel of 10 microsatellites 
reached a high combined PE value of 0.9989 (Table 2). 
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nA FNA Ho He HWE PIC
PEZ01 105–125 6 0.386 0.65347 0.74578 0.29382 0.70
FHC2054 144–176 9 0.471 0.71845 0.72067 0.37251 0.69
FHC2010 219–235 5 0.563 0.51456 0.57248 0.00580 0.50
PEZ05 96–112 5 0.480 0.57426 0.64130 0.02233 0.57
PEZ20 163–191 7 0.426 0.66019 0.72740 0.17231 0.68
PEZ12 261–301 10 0.240 0.73000 0.84000 0.01310 0.82
PEZ03 103–139 12 0.691 0.43299 0.50558 0.08701 0.48
PEZ06 171–219 10 0.275 0.75490 0.81054 0.73371 0.78
PEZ08 218–246 8 0.316 0.76699 0.78049 0.48234 0.74
FHC2079 262–290 6 0.432 0.57282 0.67866   0.00051* 0.63
Mean 7.8 0.428 0.63786 0.70229 0.659
nA = number of alleles.
FNA = frequency of the most frequent allele.
Ho = observed heterozygosity.
He = expected heterozygosity.
PIC = polymorphism information content.
*P<0.005, significantly deviated from Hardy-Weinberg equilibrium (HWE).
Table 2. Values of power of exclusion (PE), combined power of exclusion (CPE), power  
of discrimination (PD) and combined power of discrimination (CPD) for the examined 10 loci  
in the Yugoslavian Shepherd Dog
No. Microsatellitemarker PE PD
1 PEZ01 0.360 0.893
2 FHC2054 0.457 0.881
3 FHC2010 0.201 0.729
4 PEZ05 0.261 0.808
5 PEZ20 0.379 0.879
6 PEZ12 0.476 0.948
7 PEZ03 0.135 0.722
8 PEZ06 0.518 0.935
9 PEZ08 0.539 0.912
10 FHC2079 0.192 0.839
CPE = 0.9989 CPD = 0.9999
discussion
The Yugoslavian Shepherd Dog is one of the most popular breeds in the region, 
and several national breed clubs have been founded over the past decades in Yugo-
slavia. However, comprehensive and reliable breeding records are not fully acces-
sible, which is partially due to the breakup of Yugoslavia. The breed is indigenous to 
the Sharplanina Mountain region, which was once a Yugoslavian territory, but now 
belongs to different states. Consequently, the Yugoslavian Shepherd Dog is currently 
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considered as an autochthonous breed in Serbia, Kosovo and Former Yugoslav Re-
public of Macedonia (FYROM). It should also be noted that a number of dogs bred 
in wild and isolated parts of the Sharplanina Mountain have not been registered at 
all. In this study, only dogs registered by the Kennel Club of Republic Serbia were 
included, which somewhat limits the representativeness of the sample for the frag-
mented and isolated populations of the Yugoslavian Shepherd Dog in the region. 
The present study was designed to evaluate 10 commercially available micros-
atellite markers for their information content and ability to discriminate individuals 
and verify parentage in the Yugoslavian Shepherd Dog. We used the StockMarks® 
Dogs Genotyping kit for two reasons. First, standardized kits are supposed to enable 
reliable parentage testing results and do not require as stringent optimization as in-
house panels of genetic markers. Second, the kit has been recommended for routine 
canine parentage testing, but its accuracy and reliability may be variable in different 
breeds (DeNise et al., 2004). Ten microsatellite markers used in this study were also 
among those analysed in arctic foxes (Jakubczak et al., 2009), although with regard 
to the productive traits of fur-bearing animals. 
The results of microsatellite polymorphism observed in this study have already 
been reported by previous studies that analysed the same set of markers (DeNise et 
al., 2004; Volkel, 2005; Pribanova et al., 2009; Zenke et al., 2011). For example, our 
results for high polymorphism of loci PEZ12, PEZ06 and PEZ08 are in agreement 
with the results of DeNise et al. (2004) who found the same loci among the most 
informative (with 24, 22 and 14 alleles, respectively) in a population of 9561 dogs 
representing 108 breeds. The same study recognized PEZ03 as the most informative 
marker with an average number of 6.7 alleles per breed. In the Yugoslavian Shepherd 
Dog, however, the locus PEZ03 had the maximal number of alleles, but it displayed 
the lowest value of other basic diversity indices. We established characteristic dis-
tribution of allele frequencies for this locus, i.e. obvious predominance of one allele 
with frequency of 0.691. In addition to the PEZ03, the least informative loci in the 
Yugoslavian Shepherd Dog were FHC2010 and PEZ05. This finding was also in ac-
cordance with results of previous studies (DeNise et al., 2004; Volkel, 2005; Priba-
nova et al., 2009; Zenke et al., 2011). 
The high value of combined PE (0.9989) observed in the population of the Yu-
goslavian Shepherd Dog corresponds to the combined PE reported by previous stud-
ies that used identical panel of microsatellite markers in other dog breeds: 0.9955 
(Pribanova et al., 2009) and 0.9999 for Dachshund (Zenke et al., 2011); 0.9904 for 
German Shepherd (Zenke et al., 2011); 0.9942 for Rottweiler (Zenke et al., 2011); 
and 0.9998 for Schnauzer (Zenke et al., 2011). Moreover, the combined PE value 
established in this study corresponds to the value recommended for the accurate par-
entage testing in dogs (Halverson and Edwards, 2000). The next issue of interest was 
capacity of 10 microsatellite markers for individual identification of Yugoslavian 
Shepherd Dogs. Reliable DNA-based individual identification of dogs is important 
for successful breeding strategies, but it has also become a useful tool in forensically 
relevant cases involving these animals (Halverson and Basten, 2005). The panel of 
10 microsatellites evaluated in the present study has already been effectively used 
for these purposes (Padar et al., 2002; Halverson and Basten, 2005). The panel also 
V. Dimitrijevic et al.720
achieved high combined PD value of 0.9999, which clearly demonstrates that the 
panel can conclusively identify individuals of the Yugoslavian Shepherd Dog breed. 
In conclusion, the results obtained in the present study show that the selected 
set of commercially available microsatellite markers may be used as a routine tool 
for parentage verification and individual identification in the Yugoslavian Shepherd 
Dog. In addition, the report of allele distribution may serve as a reference database 
for future parentage and identity testing for the breed. Although the study was prima-
rily focused on practical applications of microsatellite loci analysis in the Yugosla-
vian Shepherd Dog, namely parentage and identity testing, it also provided the first 
insight into genetic variability of the breed. 
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Walidacja 10 loci mikrosatelitarnych do kontroli pochodzenia oraz identyfikacji osobniczej 
jugosłowiańskiego psa pasterskiego z Szar Płaniny
STRESZCZENIE
Celem eksperymentu była ocena przydatności komercyjnego panelu markerów mikrosatelitarnych 
do analizy pochodzenia i identyfikacji osobniczej owczarka jugosłowiańskiego Sarplaninac, starodawnej 
rasy psów pasterskich. Frekwencje alleli dla 10 loci mikrosatelitarnych (PEZ01, FHC2054, FHC2010, 
PEZ05, PEZ20, PEZ12, PEZ03, PEZ06, PEZ08 i FHC2079) określono u 103 niespokrewnionych oso- 
bników rasy Sarplaninac. W loci ujawniono zróżnicowany poziom polimorfizmu (5 do 12 alleli), 
wynoszący średnio 7,83 na locus. Średnie wartości heterozygotyczności obserwowanej i współczynnika 
polimorfizmu (PIC) wyniosły, odpowiednio 0,64 i 0,66. Dziewięć z 10 markerów mikrosatelitarnych 
było wysoko informatywnych, przy wartościach PIC przekraczających 0,5. Uzyskana wartość skumulo- 
wanej siły wykluczenia (0,9989), potwierdza przydatność badanego panelu markerów mikrosatelitarnych 
do kontroli pochodzenia, natomiast wartość skumulowanej siły dyskryminacji, wynoszącej 0,9999 
wyraźnie wskazuje, że panel ten może jednoznacznie identyfikować poszczególne osobniki. Uzyskane 
wyniki wskazują, że wybrany zestaw komercyjnych markerów mikrosatelitarnych może służyć jako 
rutynowe narzędzie do kontroli pochodzenia oraz identyfikacji osobniczej jugosłowiańskiego psa pas-
terskiego. Choć analiza zmienności genetycznej owczarka jugosłowiańskiego nie była głównym celem 
badań, uzyskane wartości głównych indeksów różnorodności wskazują na występowanie wysoko 
zróżnicowanej puli genowej w tej rasie.
